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Terrestrial Soil Vs. Lunar Soil 


Multi-Phase Soil Model 


ADSORBED 



Non-Terrestrial Soil Model 




•Atmosphere 

•760 torr pressure 

•Flowing water 

•-89 to 58°C temperatures 


H.A. Oravec and P.B. Abel 


•Sparse atmosphere 
•10' 12 to 10~ 8 torr pressure 
•Lack of flowing water 
•- 1 7 1 to 1 1 1 °C temperatures 
•Space weathering 

•Meteoroid bombardments 


•Ionizing radiation 
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Motivation 


Meet the growing need for a more comprehensive understanding of the 

strength properties of the lunar regolith. 


•Previous missions do not provide sufficient information for unexplored regions. 
•Simulants match composition in specific regions, not necessarily terrain strength. 



SIMULATION 


Simulate 
parameters of the 
lunar environment 
that likely 
contribute to 
regolith strength. 





TESTING/ANALYSIS 


Instrument chamber 
to perform soil tests 
to understand the 
effects on soil 
strength. 



EXTRAPOLATION 




Interpret the 
strength of lunar 
soil in previously 
unexplored regions. 


H.A. Oravec and P.B. Abel 


37 th Dayton Cincinnati Aerospace Science Symposium 




Simulated Lunar Environment for the Study of Regolith Strength: An Improved Vacuum Bevameter Design 


Objectives, Scope, Assumptions 


Objective: 

• Develop a lunar environmental simulation chamber for the evaluation of soil 
deformation under surface loading. 

Scope: 

• Vacuum and temperature ranges to represent the Moon’s surface. 

• Chamber chosen to be relatively small to minimize vacuum pump down time. 

• Prepare lunar soil simulants to known density, under vacuum conditions, and in a 
repeatable fashion. 

• Capable of implementing bevameter type plate load-sinkage, annular shear, and 
cone penetration tests 

• Gravity effects to be accounted for by applying similitude scaling laws 
(Langhaar, 1964). 


Assumptions: 

• Lunar simulant under lunar density, vacuum, and temperature conditions will 
deform similarly to lunar soil when loaded according to similitude scaling laws. 
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Experimental Test System 



Vacuum System: 

•Roughing pump 
•Turbomolecular pump 
•Thermocouple pressure sensors 
•Cold cathode ion pressure sensor 

Bevameter System: 

•Soil hopper 
•Copper Soil bin 
•Sample manipulator 
•Quartz heat lamp 
•Copper cooling plate 
•Thermocouple temperature sensor 
•Combined torque/thrust cell 
•External drive mechanism 
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Experimental Apparatus 


TO BEVAMETER SUPERSTRUCTURE 
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Vacuum chamber: 

Total volume = 23 liters 
Surface area = 5000 cm 2 


37 th Dayton Cincinnati Aerospace Science Symposium 
March 2012 


To bevameter 
superstructure 




LINEAR/ROTARY WOBBLE STICK 


□ - 5 


PRESSURE GAUGES (NOT SHOWN) 
MOUNTED TO RIGHT SIDE FLANGE 


COPPER SOIL BIN 


COPPER COOLING PLATE 


CERAMIC INSULATING PLATE 


TO LN2 DEWAR 


riaie-sinKage ena enecror 
Copper soil bin 
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Vacuum Pumping System 
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Strength Testing - System Overview 


Counter Balance Pulley System for 
Application of Zero Load 



Linear Rotary 
Motion Feedthrough 




End Effector Mounted to 
Torque Thrust Cell (not visible) 


Copper Soil Bin 



Platform for Dead 
Wei ght Appli c ati on 


■ 






/aTTH 




LVDT 




Soil Hopper 



To Liquid Nitrogen 
Cooling System 
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Stren gth Testing Soil Preparation 


Feed through for 
strength testing 
shaft/end effector 


Mechanism 


Mounting 

tabs 





Soil Preparation: 

1 . Simulant placed in hopper 

2. 5 micron mesh placed over hopper 

3. Hopper mounted in vacuum chamber 

4. Vacuum pulled to desired test pressure 

5. Sliding mechanism moved to open 
position 

6. Soil “rains” down into copper sample 
bin 

7. Soil leveled 

8. End effector lowered to soil surface 

9. Soil strength test performed 
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Experimental Testing 
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Preliminary Tests: 

• Plate load-sinkage experiments 

• 32 mm diameter plate 
(190 mm plate on Moon) 

• Air-dried JSC- 1 A lunar simulant 

• Earth-ambient conditions 

• High vacuum conditions 
(8.5 to 4.9x1 O' 4 torr) 

• Room temperature 
(24°C, 36% humidity) 
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. . :ihe. 


Preliminary Plate-Sinkage Results 
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Vacuum Tests: 

Pressure = 4x1 O' 4 torr 
Density = 1.21 g/cc 



0.005 


0.015 

Penetration, m 


0.025 


Initial Findings: 

•Exposure to high vacuum 
results in increased soil strength 
•Attributed to increase in 
frictional and interparticle 
forces. 

•Decrease in soil density when 
prepared under vacuum 
•Supports increase in 
frictional and interparticle 
forces under vacuum 
•Attributed to formation 
of honeycomb soil 
structure 


Ambient Tests: 

Pressure = 760 torr 
Density = 1.24 g/cc 


0.03 
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Lessons Learned and Limitations 



Smart servo motor for 
automated shaft 
rotation 


Hermetically sealed 
magnetically coupled linear 
rotary motion feedthrough 


Double o-ring sealed 
linear/rotary motion 
feedthrough 


Hermetically sealed 
magnetically coupled 
linear/rotary/angular motion 
feedthrough 
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Improvements in Vacuum Performance 
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Future Improvements 


Temperature Control: 


• Refrigerated temperatures 

■ Continuous flow of LN 2 through 
copper contact plate 

■ Placed directly below OFHC copper 
soil bin 

• Elevated temperatures: 

■ 110 VAC halogen quartz substrate 
heat lamp 



Copper cooling plate 


■ Temperatures measured using type T 
thermocouples 
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Future Testing 


Plate Sinkage Tests 


Small Plate Size: 

Medium Plate Size: 

Large Plate Size: 
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Cone Penetration Tests 


Small Cone Size: 

Medium Cone Size: 

Large Cone Size: 
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Shear Bevameter Tests 


Small Annulus Size: 

Medium Annulus Size: 

Large Annulus Size: 
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•Plate-Sinkage 

•Cone 

Penetration 

•Shear 

Bevameter 


•End effector size 
•Temperature 
•Soil preparation 
•Pressure 







Summary and Conclusions 


• There is need for a device capable of simulating 
the lunar environment for the evaluation of soil 
deformation under surface loading. 

• The effect of vacuum, temperature, density, and 
gravity on the strength of mare and highlands 
lunar soil simulants is being investigated. 
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